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MULTIPLE EXPOSURE METHOD 
FIELD OF THE INVENTION AND RELATED ART 

[0001] This invention relates to an exposure method and an exposure apparatus and, 

more particularly, to an exposure method and an exposure apparatus for lithographically 
printing a fine circuit pattern on a photosensitive substrate. The exposure method or exposure 
apparatus of the present invention is usable for the manufacture of various devices such as 
semiconductor chips ( ICs or LSIs), display devices (liquid crystal panels), detecting devices 
(magnetic heads), or image pickup devices ( CCDs), for example. 
[0002] Generally, the manufacture of devices such as ICs, LSIs or liquid crystal 

panels based on lithography uses a projection exposure method and a projection exposure 
apparatus by which a circuit pattern of a photomask or reticle (hereinafter, "mask") is 
projected through a projection optical system onto a photosensitive substrate such as a silicon 
wafer or glass plate (hereinafter, "wafer") having a photoresist coating applied thereto, 
whereby the pattern is printed on the substrate. 

[0003] Enlargement in the density of such a device has forced a reduction in the linewidth of 
a pattern to be printed on a wafer as well as an increase in area of a chip to be produced on 
the wafer. In the field of projection exposure methods and projection exposure apparatuses, 
most important in wafer micro-processing technology, improvements in resolution and 




exposure area have been attempted so as to enable formation of an image of a size (linewidth) 
of 0.5 micron or less in a wider area. 

[0004] Figure 15 is a schematic view of a projection exposure apparatus of a known 

type. In Figure 15, denoted at 191 is an excimer laser, which is a light source for exposure 
with deep ultraviolet light. Denoted at 192 is an illumination optical system, and denoted at 
193 is illumination light. Denoted at 194 is a mask, and denoted at 195 is object side 
exposure light coming from the mask 194 and impinging on a reduction projection optical 
system 196. Denoted at 197 is image side exposure light coming from the optical system 196 
and impinging on a substrate 198, which is a wafer (photosensitive substrate). Denoted at 
199 is a substrate stage for holding the photosensitive substrate. 

[0005] Laser light emitted from the excimer laser 191 is directed by a guiding optical 

system to the illumination optical system 192, by which it is adjusted and transformed into 
illumination light 193 having a predetermined intensity distribution, a predetermined 
directional characteristic distribution, and a predetermined opening angle (numerical aperture: 
NA), for example. The light then illuminates the mask 194. 

[0006] The mask 194 has a pattern of chromium, for example, formed on a quartz 

substrate with a size corresponding to an inverse (e.g., 2x, 4x or 5x) of the projection 
magnification of the projection optical system 192. The illumination light 193 is 
transmissively diffracted by this fine pattern of the mask 194, whereby object side exposure 
light 195 is produced. 

[0007] The projection optical system 196 functions to convert the object side 

exposure light 195 into image side exposure light 197, which images the fine pattern of the 
mask 194 upon the wafer 198 at the projection magnification and with sufficiently small 



aberration. As illustrated in an enlarged view at the bottom of Figure 15, the image side 
exposure light 197 is converged on the wafer 198 with a predetermined numerical aperture 
NA (= sin0), whereby an image of the fine pattern is formed on the wafer 198. 
[0008] The substrate stage 199 moves stepwise the wafer 198 along the image plane 

of the projection optical system to successively change the position of the wafer 198 with 
respect to the projection optical system 196, when fine patterns are to be successively formed 
on different regions (shot regions each corresponding to one or plural chips) on the wafer. 
[0009] With current projection exposure apparatuses having an excimer laser as a 

light source, however, it is very difficult to form a pattern of 0.15 micron or less. 
[0010] The projection optical system such as at 196 has a limitation in resolution due 

to a trade-off between the depth of focus and the optical resolution attributable to the 
exposure wavelength (wavelength to be used in exposure). The depth of focus DOF and the 
resolution F of a resolvable pattern in projection exposure apparatuses can be expressed in 
accordance with Rayleigh's equations such as equations (1) and (2) below. 

R = k 1 (X/NS) ... (1) 

DOF = k 2 (A/NA) 2 ... (2) 

where X is the exposure wavelength, NA is the numerical aperture on an image side which 
represents the brightness of the projection optical system 196, and k, and k 2 are constants 
determined in accordance with characteristics of a development process of the wafer 198, for 
example. Usually, they have a value of about 0.5 - 0.7. 

[0011] It is seen from equations (1) and (2) that, while higher resolution (making 

resolution R smaller) is attainable with enlargement of the numerical aperture ("NA 
enlargement"), since, in a practical exposure process, the depth of focus DOF of the 



projection optical system 196 should be kept at a certain value or more, the NA enlargement 
beyond a certain extent is not possible, and that improvement of resolution anyway needs a 
reduction of exposure wavelength X ("wavelength shortening"). 

[0012] However, the wavelength shortening involves a critical problem. That is, there 

is no glass material for lenses of the projection optical system 196. Most glass materials have 
a transmission factor which is close to zero in the deep ultraviolet regions. While there is 
fused silica (quartz) as a glass material manufactured by special processes for use in an 
exposure apparatus (exposure wavelength of about 248 nm), even the transmission factor of 
fused silica largely decreases for an exposure wavelength of 193 nm or less. In the region of 
an exposure wavelength of 150 nm or shorter, which corresponds to a fine pattern of 0.15 
micron or less, development of a practical glass material is very difficult. Further, for glass 
materials to be used in the deep ultraviolet region, in addition to the transmission factor, 
many other conditions such as durability, uniformness of refractive index, optical distortion 
or easiness of machining, for example, must be satisfied. In these respects, too, development 
of practical glass materials is difficult to accomplish. 

[0013] In conventional projection exposure methods and projection exposure 

apparatuses, as described above, although shortening of the exposure wavelength to about 
150 nm is necessary to produce a pattern of 0.15 micron or less on a wafer, because there is 
no practical glass material in such a wavelength region, it is practically difficult to produce a 
pattern of 0.15 micron or less on the wafer. 

[0014] U.S. Patent No. 5,415,835 shows a procedure of forming a fine pattern with a 

dual-beam interference exposure process. With this dual beam interference exposure process, 
a pattern of 0.15 micron or less can be produced on a wafer. 



[0015] In accordance with the dual-beam interference exposure process, laser light 

from a laser having coherency and comprising a parallel light ray flux is divided by a half 
mirror into two light beams which are then reflected by flat mirrors, respectively, so that these 
laser beams (coherent parallel light fluxes) intersect with each other at a certain angle larger 
than 0 degrees and smaller than 90 degrees, by which an interference fringe is produced at the 
intersection. A resist of a wafer is exposed and sensitized with this interference fringe (light 
intensity distribution thereof), by which a fine periodic pattern (exposure amount distribution) 
corresponding to the light intensity distribution of the interference fringe is produced on the 
wafer (resist thereof). 

[0016] When two light beams being inclined with respect to a normal to a wafer 

surface in opposite directions and with the same angle intersect with each other upon the 
wafer surface, a resolution R attainable with the dual-beam interference exposure can be 
expressed by equation (3) below. 

R = A/(4sin0) 
- A/4NA 

= 0.25(A/NA) ... (3) 

where R corresponds to widths of a line-and-space pattern (lines and spaces), that is, the 
widths of bright and dark portions of the interference fringe, 0 is the incidence angle 
(absolute value) of the two light beams upon the image plane, and NA = sin0. 
[0017] Comparing equation (1) related to the resolution in ordinary projection 

exposure and equation (3) related to resolution in dual-beam interference exposure, it is seen 
that, since the resolution R in dual-beam interference exposure corresponds to a case where k x 
= 0.25 is put in equation (1), a resolution twice or more higher than the resolution with 



ordinary projection exposure, where k x = 0.5 to 0.7, is attainable with the dual-beam 
interference exposure. Although it is not specifically mentioned in the aforementioned U.S. 
Patent No. 5,415,835, a resolution R = 0.10 micron may be attainable, for example, with X = 
0.248 nm (KrF excimer laser) and NA = 0.6. 

[0018] With the dual-beam interference exposure, however, basically, only a simple 

fringe pattern corresponding to the light intensity distribution (exposure amount distribution) 
of an interference fringe can be produced. It is not possible to form a circuit pattern of a 
desired shape upon a wafer. 

[0019] In consideration of this, in the aforementioned U.S. Patent No. 5,415,835, after 

a simple fringe pattern, i.e., a binary exposure amount distribution, is applied to a wafer 
(resist thereof) through the dual-beam interference exposure process, an ordinary or standard 
lithography (exposure) process is performed by using a mask with an opening to that and an 
additional binary exposure amount distribution is applied to the wafer, by which isolated lines 
(patterns) are produced. This is called a "multiple exposure method". 
[0020] In accordance with the multiple exposure method disclosed in the 

aforementioned U.S. Patent No. 5,415,835, however, after a wafer is loaded into an exposure 
apparatus for a dual-beam exposure process and the exposure process is performed, the wafer 
has to be loaded again into a separate exposure apparatus for an ordinary exposure process. 
This takes a significant amount of time. 



SUMMARY OF THE INVENTION 

[0021] It is an object of the present invention to provide an exposure method and/or 

ah exposure apparatus by which a multiple exposure process can be performed in a relatively 
short time. 

[0022] In a first form of an exposure method according to the present invention, one 

and the same mask pattern is projected onto a common exposure region in accordance with 
bright-field illumination, with a constant exposure wavelength, while changing an 
illumination condition. 

[0023] In a second form of an exposure method according to the present invention, 

one and the same mask pattern is projected onto a common exposure region in accordance 
with bright-field illumination under a small a and a large o. 

[0024] In a third form of an exposure method according to the present invention, one 

and the same mask pattern is projected onto a common exposure region in accordance with 
bright-field illumination, with a small numerical aperture NA and a large numerical aperture 
NA. 

[0025] In a fourth form of an exposure method according to the present invention, one 

and the same mask pattern is projected onto a common exposure region in accordance with 
bright-field oblique illumination and bright-field perpendicular illumination. 
[0026] Here, the oblique illumination is a form of illumination wherein illumination 

is made along a direction inclined with respect to an optical axis of a projection optical 
system. The perpendicular illumination is a form of illumination wherein illumination is 
made along a direction parallel to the optical axis of the projection optical system. 



[0027] In a first form of an exposure apparatus according to the present invention, 

there is an exposure mode in which one and the same mask pattern is projected onto a 
common exposure region in accordance with bright- field illumination, with a constant 
exposure wavelength, while changing an illumination condition. 

[0028] In a second form of an exposure apparatus according to the present invention, 

there is an exposure mode in which one and the same mask pattern is projected onto a 
common exposure region in accordance with bright-field illumination under a small a and a 
large a. Here, sigma (a) corresponds to a value obtainable by dividing a mask side numerical 
aperture of an illumination optical system by a mask side numerical aperture of a projection 
optical system. 

[0029] In a third form of an exposure apparatus according to the present invention, 

there is an exposure mode in which one and the same mask pattern is projected onto a 
common exposure region in accordance with bright-field illumination, with a small numerical 
aperture NA and a large numerical aperture NA. Here, the numerical aperture NA 
corresponds to a mask side numerical aperture of an illumination optical system. 
[0030] In a fourth form of an exposure apparatus according to the present invention, there is 
an exposure mode in which one and the same mask pattern is projected onto a common 
exposure region in accordance with bright- field oblique illumination and bright-field 
perpendicular illumination. 

[0031] In accordance with the first to fourth forms of exposure methods and first to 

fourth forms of exposure apparatuses of the present invention as described above, a multiple 
exposure process can be performed by placing a certain mask in a certain exposure apparatus 
(e.g., a reduction projection exposure apparatus of a step-and-repeat type or a step-and-scan 



type) and by setting different illumination conditions in that exposure apparatus for that mask 
pattern (one and the same mask pattern). Therefore, as compared with a conventional 
procedure in which two different exposure apparatuses are used, the time necessary for the 
multiple exposure process can be shortened significantly. 

[0032] The words "small o" or "large o" refer only to the relative magnitude of o. 

That is, it means a o which is smaller (or larger) than a certain a. Similarly, the words "small 
NA" or "large NA" refer only to the relative magnitude of the numerical aperture. That is, it 
means a numerical aperture NA which is smaller (or larger), than a certain numerical aperture 
NA. 

[0033] In one preferred embodiment in these forms of the present invention, the mask 

pattern is illuminated light from one of a KrF excimer laser (wavelength of about 248 nm), an 
ArF excimer laser (wavelength of about 193 nm) and an F 2 excimer laser (wavelength of 
about 157 nm). 

[0034] The mask pattern may be projected by use of a projection optical system 

comprising one of a dioptric system, a catadioptric system and a catoptric system. 
[0035] The exposures of the exposure region under different illumination conditions 

may be performed sequentially without a development process to the exposure region. 
[0036] The exposures of the exposure region under different illumination conditions 

are performed simultaneously without mutual interference of lights in the different 
illumination conditions. For example, the lights may comprise linearly polarized lights 
whose polarization directions are set orthogonal to each other. 

[0037] The mask pattern may include an opening pattern with a linewidth (e.g., about 

0. 1 micron) not greater than a resolution limit of an exposure apparatus to be used. 
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[0038] There may be plural opening patterns juxtaposed with each other, to define 

repetition patterns. 

[0039] The mask pattern may include a phase shift pattern of a Levenson type or a rim 

type. 

[0040] There may be an auxiliary pattern disposed adjacent to the opening pattern. 

[0041] In accordance with another aspect of the present invention, there is provided a 



device manufacturing method, comprising the steps of: exposing a wafer to a device pattern 
by use of any one of the first to fourth forms of exposure methods or the first to fourth forms 
of exposure apparatuses, and developing the exposed wafer. 

[0042] In a fifth form of an exposure method according to the present invention, one 

and the same mask pattern is projected onto a common exposure region through illumination 
while changing an illumination condition and a spatial frequency passage spectrum of a 
projection optical system. Here, the spatial frequency passage spectrum refers to a light 
passage condition of a pupil of the projection optical system. 

[0043] In a sixth form of an exposure method according to the present invention, one 

and the same mask pattern is projected onto a common exposure region through illumination 
under a small a and a large a, while changing a spatial frequency passage spectrum of a 
projection optical system. Here, sigma (a) corresponds to a value obtainable by dividing a 
mask side numerical aperture of an illumination optical system by a mask side numerical 
aperture of a projection optical system. The spatial frequency passage spectrum refers to a 
light passage condition of a pupil of the projection optical system. 

[0044] In a seventh form of an exposure method according to the present invention, 

one and the same mask pattern is projected onto a common exposure region through 



illumination with a small numerical aperture NA and a large numerical aperture NA, while 
changing a spatial frequency passage spectrum of a projection optical system. Here, the 
numerical aperture NA corresponds to a mask side numerical aperture of an illumination 
optical system. The spatial frequency passage spectrum refers to a light passage condition of 
a pupil of the projection optical system. 

[0045] In an eighth form of an exposure method according to the present invention, 

one and the same mask pattern is projected onto a common exposure region through oblique 
illumination and perpendicular illumination, while changing a spatial frequency passage 
spectrum of a projection optical system. Here, the oblique illumination is a form of 
illumination wherein illumination is made along a direction inclined with respect to an optical 
axis of a projection optical system. The perpendicular illumination is a form of illumination 
wherein illumination is made along a direction parallel to the optical axis of the projection 
optical system. The spatial frequency passage spectrum refers to a light passage condition of 
a pupil of the projection optical system. 

[0046] In a fifth form of an exposure apparatus according to the present invention, 

there is an exposure mode in which one and the same mask pattern is projected onto a 
common exposure region through illumination while changing an illumination condition and 
a spatial frequency passage spectrum of a projection optical system. Here, the spatial 
frequency passage spectrum refers to a light passage condition of a pupil of the projection 
optical system. 

[0047] In a sixth form of an exposure apparatus according to the present invention, 

there is an exposure mode in which one and the same mask pattern is projected onto a 
common exposure region through illumination under small o and large o, while changing a 



- 12- 



spatial frequency passage spectrum of a projection optical system. Here, sigma (a) 
corresponds to a value obtainable by dividing a mask side numerical aperture of an 
illumination optical system by a mask side numerical aperture of a projection optical system. 
The spatial frequency passage spectrum refers to a light passage condition of a pupil of the 
projection optical system. 

[0048] In a seventh form of an exposure apparatus according to the present invention, 

there is an exposure mode in which one and the same mask pattern is projected onto a 
common exposure region through illumination with a small numerical aperture NA and a 
large numerical aperture NA, while changing a spatial frequency passage spectrum of a 
projection optical system. Here, the numerical aperture NA corresponds to a mask side 
numerical aperture of an illumination optical system. The spatial frequency passage spectrum 
refers to a light passage condition of a pupil of the projection optical system. 
[0049] In an eighth form of an exposure apparatus according to the present invention, 

there is an exposure mode in which one and the same mask pattern is projected onto a 
common exposure region through oblique illumination and perpendicular illumination, while 
changing a spatial frequency passage spectrum of a projection optical system. Here, the 
spatial frequency passage spectrum refers to a light passage condition of a pupil of the 
projection optical system. 

[0050] In accordance with the fifth to eighth forms of exposure methods and fifth to 

eighth forms of exposure apparatuses of the present invention as described above, a multiple 
exposure process can be performed by placing a certain mask in a certain exposure apparatus 
(e.g., a reduction projection exposure apparatus of a step-and-repeat type or a step-and-scan 
type) and by setting different illumination conditions in that exposure apparatus for that mask 
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pattern (one and the same mask pattern). Therefore, as compared with a conventional 
procedure in which two different exposure apparatuses are used, the time necessary for the 
multiple exposure process can be shortened significantly. 

[0051] The words "small o" or "large a" refer only to the relative magnitude of o. 

That is, it means a o which is smaller (or larger) than a certain a. Similarly, the words "small 
NA" or "large NA" refer only to the relative magnitude of numerical aperture. That is, it 
means a numerical aperture NA which is smaller (or larger) than a certain numerical aperture. 
[0052] In one preferred embodiment in these forms of the present invention, the mask 

pattern is illuminated with light from one of a KrF excimer laser (wavelength of about 248 
nm), an ArF excimer laser (wavelength of about 193 nm) and an F 2 excimer laser (wavelength 
of about 157 nm). 

[0053] The mask pattern may be projected by use of a projection optical system 

comprising one of a dioptric system, a catadioptric system and a catoptric system. 
[0054] The exposures of the exposure region under different illumination conditions 

may be performed sequentially without a development process to the exposure region. 
[0055] The exposures of the exposure region under different illumination conditions 

are performed simultaneously without mutual interference of lights in the different 
illumination conditions. For example, the lights may comprise linearly polarized lights 
whose polarization directions are set to be orthogonal to each other. 

[0056] The mask pattern may include an opening pattern with a linewidth (e.g., about 

0. 1 micron) not greater than a resolution limit of an exposure apparatus to be used. 
[0057] There may be plural opening patterns juxtaposed with each other, to define 

repetition patterns. 
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[0058] The mask pattern may include a phase shift pattern or a Levenson type or a rim 

type. 

[0059] The spatial frequency passage spectrum may be changed by changing the 

aperture shape of an aperture stop of the projection optical system or the transmission factor 
distribution thereof. 

[0060] In accordance with another aspect of the present invention, there is provided a 

device manufacturing method, comprising the steps of: exposing a wafer to a device pattern 
by use of any one of the fifth to eighth forms of exposure methods or the fifth to eighth forms 
of exposure apparatuses, and developing the exposed wafer. 

[0061] In a ninth form of an exposure method according to the present invention, one 

and the same mask pattern, having a predetermined pattern with an auxiliary pattern annexed 
thereto, is projected onto a common exposure region through illumination, while changing an 
illumination condition. 

[0062] In a tenth form of an exposure method according to the present invention, one 

and the same mask pattern, having a predetermined pattern with an auxiliary pattern annexed 
thereto, is projected onto a common exposure region through illumination under a small o 
and a large a. Here, sigma (a) corresponds to a value obtainable by dividing a mask side 
numerical aperture of an illumination optical system by a mask side numerical aperture of a 
projection optical system. 

[0063] In an eleventh form of an exposure method according to the present invention, 

one and the same mask pattern, having a predetermined pattern with an auxiliary pattern 
annexed thereto, is projected onto a common exposure region through illumination, with a 
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small numerical aperture NA and a large numerical aperture NA. Here, the numerical 
aperture NA corresponds to a mask side numerical aperture of an illumination optical system. 
[0064] In a twelfth form of an exposure method according to the present invention, 

one and the same mask pattern, having a predetermined pattern with an auxiliary pattern 
annexed thereto, is projected onto a common exposure region through oblique illumination 
and perpendicular illumination. Here, the oblique illumination is a form of illumination 
where illumination is made along a direction inclined with respect to an optical axis of a 
projection optical system. The perpendicular illumination is a form of illumination wherein 
illumination is made along a direction parallel to the optical axis of the projection optical 
system. 

[0065] In a ninth form of an exposure apparatus according to the present invention, 

there is an exposure mode in which one and the same mask pattern, having a predetermined 
pattern with an auxiliary pattern annexed thereto, is projected onto a common exposure 
region through illumination, while changing an illumination condition. 
[0066] In a tenth form of an exposure apparatus according to the present invention, 

there is an exposure mode in which one and the same mask pattern, having a predetermined 
pattern with an auxiliary pattern annexed thereto, is projected onto a common exposure 
region through illumination under small o and large o. Here, sigma (a) corresponds to a 
value obtainable by dividing a mask side numerical aperture of an illumination optical system 
by a mask side numerical aperture of a projection optical system. 
[0067] In an eleventh form of an exposure apparatus according to the present 

invention, there is an exposure mode in which one and the same mask pattern, having a 
predetermined pattern with an auxiliary pattern annexed thereto, is projected onto a common 
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exposure region through illumination, with a small numerical aperture NA and a large 
numerical aperture NA. Here, the numerical aperture NA corresponds to a mask side 
numerical aperture of an illumination optical system. 

[0068] In a twelfth form of an exposure apparatus according to the present invention, 

there is an exposure mode in which one and the same mask pattern, having a predetermined 
pattern with an auxiliary pattern annexed thereto, is projected onto a common exposure 
region through oblique illumination and perpendicular illumination. 

[0069] In accordance with the ninth to twelfth forms of exposure methods and ninth 

to twelfth forms of exposure apparatuses of the present invention as described above, a 
multiple exposure process can be performed by placing a certain mask in a certain exposure 
apparatus (e.g., a reduction projection exposure apparatus of a step-and-repeat type or a step- 
and-scan type) and by setting different illumination conditions in that exposure apparatus for 
that mask pattern (one and the same mask pattern). Therefore, as compared with a 
conventional procedure in which two different exposure apparatuses are used, the time 
necessary for the multiple exposure process can be shortened significantly. 
[0070] The words "small a" or "large a" refer only to the relative magnitude of a. 

That is, it means a a which is small (or larger) than a certain a. Similarly, the words "small 
NA" or "large NA" refer only to the relative magnitude of numerical aperture. That is, it 
means a numerical aperture NA which is smaller (or larger) than a certain numerical aperture 
NA. 

[0071] In one preferred embodiment in these forms of the present invention, the mask 

pattern is illuminated light from one of a KrF excimer laser (wavelength of about 248 nm), an 
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ArF excimer laser (wavelength of about 193 run) and an F 2 excimer laser (wavelength of 
about 157 nm). 

[0072] The mask pattern may be projected by use of a projection optical system 

comprising one of a dioptric system, a catadioptric system and a catoptric system. 
[0073] The exposures of the exposure region under different illumination conditions 

may be performed sequentially without a development process to the exposure region. 
[0074] The exposures of the exposure region under different illumination conditions 

are performed simultaneously without mutual interference of lights in the different 
illumination conditions. For example, the lights may comprise linearly polarized lights 
whose polarization directions are set orthogonal to each other. 

[0075] The mask pattern may include an opening pattern with a linewidth (e.g., about 

0.1 micron) not greater than a resolution limit of an exposure apparatus to be used. 
[0076] There may be plural opening patterns juxtaposed with each other, to define 

repetition patterns. 

[0077] The mask pattern may include a phase shift pattern or a Levenson type or a rim 

type. 

[0078] There may be an auxiliary pattern disposed adjacent to the opening pattern. 

[0079] In accordance with another aspect of the present invention, there is provided a 

device manufacturing method, comprising the steps of: exposing a wafer to a device pattern 
by use of any one of the ninth to twelfth forms of exposure methods or the ninth to twelfth 
forms of exposure apparatuses, and developing the exposed wafer. 

[0080] In a thirteenth form of an exposure method according to the present invention, 

an illumination region of a predetermined shape is illuminated through an illumination optical 
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system and with exposure light from light source means, wherein a pattern of a mask 
provided at the illumination region is projected by a projection optical system onto a 
photosensitive substrate, characterized in that the mask has a repetition pattern comprising 
repeatedly disposed plural basic patterns constituted by light transmissive portions, that 
adjacent light transmissive portions of the repetition pattern have a mutual optical phase 
difference of about 1 80 degrees, and that the photosensitive substrate is exposed to the mask 
pattern through multiple exposures while changing an illumination condition of the 
illumination optical system and a light passage condition of a pupil plane of the projection 
optical system. 

[0081] Here, the illumination condition to be changed may be the magnitude of sigma 

(o) or the magnitude of numerical aperture NA. The light passage condition to be changed 
may be a spatial frequency passage spectrum of the pupil of the projection optical system. 
[0082] In a thirteenth form of an exposure apparatus according to the present 

invention, there is an exposure mode in which a pattern of a mask is transferred onto a 
photosensitive substrate in accordance with the thirteenth form of the exposure method as 
described above. 

[0083] The words "multiple exposure" refer in this specification to a process in which 

one and the same region on a photosensitive substrate is exposed with mutually different light 
patterns without intervention of a development process. 

[0084] In accordance with the thirteenth form of an exposure method and the 

thirteenth form of an exposure apparatus of the present invention, as described above, a 
multiple exposure process can be performed by placing a certain mask in a certain exposure 
apparatus (e.g., a reduction projection exposure apparatus of a step-and-repeat type or a step- 
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and-scan type) and by setting different illumination conditions in that exposure apparatus for 
that mask pattern (one and the same mask pattern). Therefore, as compared with a 
conventional procedure in which two different exposure apparatuses are used, the time 
necessary for the multiple exposure process can be shortened significantly. 
[0085] The words "small a" or "large a" refer only to the relative magnitude of a. 

That is, it means a o which is smaller (or larger) than a certain a. Similarly, the words "small 
NA" or "large NA" refer only to the relative magnitude of the numerical aperture. That is, it 
means a numerical aperture NA which is smaller (or larger) than a certain numerical aperture 
NA. 

[0086] In one preferred embodiment in these forms of the present invention, the mask 

pattern is illuminated light from one of a KrF excimer laser (wavelength of about 248 nm), an 
ArF excimer laser (wavelength of about 193 nm) and an F 2 excimer laser (wavelength of 
about 157 nm). 

[0087] The mask pattern may be projected by use of a projection optical system 

comprising one of a dioptric system, a catadioptric system and a catoptric system. 
[0088] The exposures of the exposure region under different illumination conditions 

may be performed sequentially without a development process to the exposure region. 
[0089] The exposures of the exposure region under different illumination conditions 

are performed simultaneously without mutual interference of lights in the different 
illumination conditions. For example, the lights may comprise linearly polarized lights 
whose polarization directions are set to be orthogonal to each other. 

[0090] The mask pattern may include an opening pattern with a linewidth (e.g., about 

0.1 micron) not greater than a resolution limit of an exposure apparatus to be used. 
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[0091] There may be plural opening patterns juxtaposed with each other, to define 

repetition patterns. 

[0092] The mask pattern may include a phase shift pattern or a Levenson type or a rim 

type. 

[0093] The spatial frequency passage spectrum may be changed by changing the 

aperture shape of an aperture stop of the projection optical system or the transmission factor 
distribution thereof 

[0094] In accordance with another aspect of the present invention, there is provided a 

device manufacturing method, comprising the steps of: exposing a wafer to a device pattern 
by use of the thirteenth form of the exposure method or the thirteenth form of exposure 
apparatus, and developing the exposed wafer. 

[0095] These and other objects, features and advantages of the present invention will 

become more apparent upon a consideration of the following description of the preferred 
embodiments of the present invention taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0096] Figure 1 is a schematic view for explaining an example of an exposure 

apparatus according to the present invention. 

[0097] Figure 2 is a flow chart for explaining an example of an exposure method 

according to the present invention. 

[0098] Figure 3 is a schematic view for explaining a gate charge shape. 

[0099] Figure 4 is a schematic view for explaining an exposure condition and image 



intensity, in a first embodiment of an exposure method according to the present invention. 
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[0100] Figure 5 is a schematic view for explaining an intensity distribution and an 

exposure latitude at a fine-line portion, in the first embodiment of the present invention. 
[0101] Figure 6 is a schematic view for explaining an example of aperture stop 

interchanging means for an illumination optical system. 

[0102] Figure 7 is a schematic view for explaining another example of aperture stop 

interchanging means for the illumination optical system. 

[0103] Figure 8 is a schematic view for explaining an example of aperture stop 

interchanging means for a projection optical system. 

[0104] Figure 9 is a schematic view for explaining another example of aperture stop 

interchanging means for the projection optical system. 

[0105] Figures 10A and 10B are schematic views, respectively, for explaining an 

example of aperture stop rotating means for a projection optical system. 

[0106] Figure 1 1 is a schematic view of an example of an integrated gate chart. 

[0107] Figure 12 is a schematic view for explaining an exposure condition and image 

intensity, in a second embodiment of an exposure method according to the present invention. 

[0108] Figure 13 is a schematic view for explaining another embodiment of fine 

exposure. 

[0109] Figures 14A, 14B and 14C are schematic views, respectively, for explaining 

the effect of oblique incidence illumination. 

[01 10] Figure 1 5 is a schematic view of an ordinary projection exposure apparatus. 

[0111] Figure 16 is a schematic view for explaining an example of a gate pattern with 

an auxiliary pattern, to be used in a third embodiment of an exposure method according to the 
present invention. 
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[0112] Figure 17 is a schematic view for explaining another example of a gate pattern 

with an auxiliary pattern, to be used in the third embodiment of an exposure method 
according to the present invention. 

[0113] Figure 18 is a schematic view for explaining an example of an effective light 

source. 

[0114] Figure 19 is a schematic view for explaining another example of an effective 

light source. 

[0115] Figure 20 is a schematic view for explaining a further example of an effective 

light source. 

[0116] Figure 21 is a schematic view for explaining the effect of dual exposure, to be 

done in the third embodiment of the present invention. 

[0117] Figure 22 is a schematic view for explaining a gate pattern shape to be used in 

another embodiment of the present invention. 

[0118] Figure 23 is a schematic view of an integrated gate chart shape. 

[0119] Figure 24 is a schematic view for explaining an example of a Levenson type 

mask to be used in a further embodiment of the present invention. 

[0120] Figure 25 is a schematic view for explaining an exposure condition and image 

intensity, in a further embodiment of the present invention. 

[0121] Figure 26 is a schematic view for explaining the light intensity distribution of 

a pattern image in the embodiment of Figure 25. 

[0122] Figures 27 A - 27C are schematic views, respectively, for explaining the effect 

of a Levenson type mask. 
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[0123] Figure 28 is a schematic view for explaining an exposure condition and image 

intensity, in a still further embodiment of the present invention. 

[0124] Figure 29 is a schematic view for explaining a yet further embodiment of the 

present invention. 

[0125] Figure 30 is a schematic view of another example of a mask according to the 

present invention. 

[0126] Figure 3 1 is a flow chart of device manufacturing processes, in an embodiment 

of the present invention. 

[0127] Figure 32 is a flow chart of a wafer process, in the procedure of Figure 3 1 . 

[0128] Figure 33 is a schematic view for explaining an optical system of an exposure 

apparatus according to a still further embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0129] A first embodiment of the present invention will be described below. 

[0130] The first embodiment has a feature that, in a projection exposure apparatus, 

the illumination condition of an illumination optical system and an aperture stop of a 
projection optical system are changed in operation association with each other. 
[0131] In accordance with this embodiment, a projection exposure apparatus is 

equipped with an illumination condition changing mechanism and an aperture stop changing 
mechanism, which may be similar to those used conventionally. Therefore, the present 
embodiment does not need a large modification of the structure. Further, the multiple 
exposure process of this embodiment needs, basically, only a single mask which can be 
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produced by patterning similar to conventional masks, with only a small modification. The 
manufacturing cost is, therefore, not large. 

[0132] This embodiment does not use an exclusive dual-beam interferometer. Also, 

there is no necessity of using, in a projection exposure apparatus, a special mask such as a 
Levenson type phase shift mask exclusive for dual-beam interference. Only by appropriately 
setting the illumination condition of an illumination optical system as well as the shape of an 
aperture stop of a projection optical system in relation to an ordinary mask having a circuit 
pattern to be transferred to a wafer, apparent "dual-beam interference (formation of fine 
interference fringe)" can be accomplished. 

[0133] The principle of multiple exposure in this embodiment is as follows. Control 

of a spatial frequency spectrum of a mask pattern through an illumination condition and 
control of a spatial frequency spectrum of the mask pattern through an aperture stop of a 
projection optical system are combined so as to extract, from the mask, a spatial frequency 
component with which dual-beam interference can be substantively produced, such that a 
very fine linear pattern (a pattern of a repetition of such linear patterns) included in the mask, 
which cannot be resolved by ordinary exposure, can be printed on a resist of a wafer 
independently, by exposure based on dual-beam interference best suited for that pattern, 
whereby a periodic latent image can be formed thereon. On the other hand, by using the same 
mask pattern, a latent image is formed superposedly on the wafer resist through an ordinary 
exposure process (the order of latent image formation may be reversed). On the basis of the 
thus accumulated latent images (accumulated exposure amount distributions), a development 
process is performed, whereby a desired circuit pattern is produced. 
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[0134] With this multiple exposure process, various fine patterns included in a single 

mask can be transferred with the limit performance of a projection optical system, such that 
the performance of the projection exposure apparatus having been restricted in a simple 
single-exposure can be best utilized. 

[0135] For example, with a projection exposure apparatus having a KrF excimer laser 

(wavelength of about 248 nm) and a projection lens system with an image side numerical 
aperture (NA) of 0.6, even a pattern (image) of a linewidth of 0.1 micron can be printed 
(formed as latent image) on a resist of a silicon wafer. This linewidth is a half of the 
minimum printing linewidth of about 0.2 micron, which is the limit linewidth of current 
projection exposure apparatuses. Thus, the resolution attainable is about double. 
[0136] Figure 2 shows a basic flow chart according to the multiple exposure process 

of this embodiment. 

[0137] As shown in Figure 2, the multiple exposure process of this embodiment 

includes a coarse exposure step and a fine exposure step. The coarse and fine exposure steps 
may be performed in reverse order. If one or both of these exposure steps comprises plural 
exposures (shots), the coarse and fine exposure steps may be repeated alternately. No 
development process is performed between the coarse and fine exposures. 
[0138] A wafer alignment step of a known process may be interposed between these 

exposure steps, if necessary. This may be effective to improve the image formation precision. 
Thus, in this embodiment, the sequence and procedure are not limited to those shown in 
Figure 2. 

[0139] When a multiple exposure process is to be performed in accordance with the 

procedure shown in Figure 2, first, a coarse exposure is performed by using a certain mask 
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with a pattern (mask pattern) and a projection exposure apparatus, by which a photosensitive 
substrate such as a wafer is exposed with an image of the mask pattern. That is, a 
corresponding latent image is formed on the resist. Since what is intended in this 
embodiment is to print, on a photosensitive substrate, an image of an extraordinarily fine 
linewidth, narrower than the minimum linewidth which can be resolved by a projection 
optical system, the mask pattern includes a pattern corresponding to the linewidth narrower 
than the minimum linewidth above. Figure 3 shows an example of such a mask pattern. 
[0140] The pattern shown in Figure 3 is one called a gate pattern to be used in an 

ASIC of a semiconductor device. Denoted in Figure 3 at 31 is a gate line, which is a main 
portion for playing the function of switching. Minimization of the linewidth of this gate line 
has been desired. On the other hand, denoted at 32 is a wiring contact portion. Since this 
portion 32 needs an area of a certain extent, it is larger in size than the gate line 31 . Thus, this 
gate pattern includes a mixture of a fine linear pattern corresponding to an image smaller than 
the minimum linewidth which can be resolved by the projection optical system, and a pattern 
larger than it. The larger pattern can be resolved by the coarse exposure (projection 
exposure), but the fine line pattern is not resolved. The depth of focus in this exposure is 
shallow. 

[0141] Subsequently, to the same region (common region) of the photosensitive 

substrate to which the coarse exposure has been performed, a fine exposure is performed 
without a development process, such that the resist on the same region is exposed with an 
image of the fine linear pattern. The multiple exposure process is completed with this. In 
accordance with the fine exposure process of this embodiment, in relation to one and the 
same mask pattern and without changing it, the exposure is performed after changing the 
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illumination condition of the illumination optical system, for illuminating the mask, and also 
the shape of the aperture stop of the projection optical system for projecting the mask pattern 
(as compared with those for the coarse exposure). 

[0142] Figure 4 illustrates the shapes of effective light sources to be defined for the 

coarse and fine exposures in this embodiment (i.e., the shapes of images as the aperture stop 
of the illumination optical system is projected on the aperture of the aperture stop of the 
projection optical system), as well as the aperture shape of the aperture stop of the projection 
optical system and a mask and an image on a wafer. 

[0143] As shown in Figure 4, in this embodiment, in relation to one and the same 

mask pattern, the coarse exposure process uses a perpendicular illumination method (ordinary 
or standard illumination method) with an effective light source of a = about 0.8 being formed, 
while a stop member having an ordinary circular opening is used as the aperture stop of the 
projection optical system. On the other hand, the fine exposure process uses an oblique 
illumination method with a dual-pole effective light source being formed (a pair of circular 
light sources of a = about 0.2 are defined symmetrically with respect to the optical axis and 
they are arrayed along the X direction in which fine line patterns of a gate pattern array (mask 
pattern) are repeated), while a stop member having an oblong aperture being elongated in the 
X direction (the direction in which fine line patterns of the gate pattern array (mask pattern) 
are repeated) is used as the aperture stop of the projection optical system. A multiple 
exposure process is performed on the basis of these coarse and fine exposures. In Figure 4, 
the directions of the X and Y axes are in alignment with the X and Y axes of the gate pattern 
of Figure 3. 
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[0144] Figure 5 shows examples of a light intensity distribution (in section) of pattern 

images in the multiple exposure process described above. Specifically, Figure 5 illustrates 
the light intensity distribution along A- A' section at the middle of the gate line of the gate 
pattern shown in Figure 3. In Figure 5, the upper portion shows the results of exposures when 
a negative type resist is used, and the lower portion shows the results of exposures when a 
positive type resist is used. In the upper and lower portions, those illustrated from left to right 
are the result of coarse exposure, the result of fine exposure and the integrated result of dual 
exposure (coarse and fine exposures). 

[0145] It is seen in Figure 5 that the range of the permissible exposure amount 

(exposure latitude) with which a gate line can be printed is narrow only with a single 
exposure of coarse exposure; whereas, in accordance with the dual exposure (multiple 
exposure) process, a light intensity distribution of a gate line pattern having a large contrast is 
integrated through the fine exposure such that the range of permissible exposure amount is 
extended to be about double in the case of exposure of a negative type resist or to about triple 
in the case of exposure of a positive type resist. 

[0146] Namely, with the multiple exposure procedure of this embodiment, a resist of 

a substrate can be exposed and sensitized (a latent image is formed) stably with an image of a 
pattern of higher resolution (narrower linewidth), beyond an ordinary resolution limit of an 
exposure apparatus. 

[0147] Referring now to Figures 14 A, 14B and 14C, the effect of the imaging based 

on the oblique illumination method used in the fine exposure process of this embodiment, 
will be explained. 
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[0148] Figure 14A schematically shows the process of exposure of a pattern of a 

minimum linewidth, with ordinary use of an ordinary exposure apparatus. Figure 14B 
schematically shows the process of exposure of a pattern having a frequency twice the limit 
resolution in the ordinary use, and Figure 14C schematically shows the process of exposure of 
a pattern having a double frequency, through the oblique illumination method according to 
this embodiment. 

[0149] In Figure 14A, first order diffractive lights corresponding to pitch PI of a 

repetition pattern 143 on a mask 141 somehow enter the opening of the aperture stop of the 
projection optical system. Namely, the light rays passing through the projection optical 
system and being contributable to the imaging are three beams of zero-th order light and 
positive and negative first order diffractive lights. Denoted at 142 is a glass substrate. 
[0150] In Figure 14B, pitch P2 of the repetition pattern 143 on the mask 141 is a half 

of the pitch PI of Figure 14 A. In this case, the emission angle 02 of first order diffractive 
light being diffracted by the mask becomes twice the emission angle 01 in Figure 14A. Thus, 
only zero-th order light can enter the opening of the aperture stop of the projection optical 
system. That is, the light passing through the projection optical system and being 
contributable to the imaging is only the zero-th order light which has simply passed through 
the mask. No image of a line is resolved. 

[0151] In Figure 14C, the pattern 143 of a pitch which is a half of the pitch PI of that 

shown in Figure 14A is used, as in the case of Figure 14B. The incident light is inclined with 
respect to the optical axis of the projection optical system, such that oblique incidence 
illumination is performed. The incidence angle 03 of incident light is a half of the emission 
angle 02 of Figure 14B. In this case, as illustrated, the advancement directions of zero-th 
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order light and positive and negative first order diffractive lights shift obliquely toward the 
same side, such that the zero-th order light and one of the positive and negative first order 
diffractive lights (negative first order light in the illustrated example) can enter the opening of 
the aperture stop of the projection optical system. Thus, these two lights pass through the 
projection optical system and contribute to the imaging. 

[0152] Therefore, an image of the line can be resolved. In the imaging through this 

dual-beam interference, the angle (NA) defined by the imaging plane of the zero-th order light 
and first order light is twice in the interference angle (NA) of three light beams in the case of 
ordinary illumination of Figure 14A. Thus, the resolution is twice the resolution of that 
shown in Figure 14 A. 

[0153] The foregoing description applies to one dimension. If the mask is exclusively 

for use in fine line exposure and it is formed only with a one-dimensional periodic pattern 
(repetition pattern), the fine line can be printed through the oblique incidence illumination 
described above. However, generally, a mask is formed with a pattern having two- 
dimensional directionality, and the aperture stop of a projection optical system has a circular 
opening. Therefore, the light from the mask is distributed two-dimensionally. For this 
reason, even with oblique incidence illumination, a resolution of dual-beam interference 
(Figure 14C) twice that of ordinary exposure is not attainable. 

[0154] It is seen from the above that, since what is intended in this embodiment is to 

perform exposure of a very fine line pattern included in a circuit pattern, such as a gate 
pattern, under a condition of resolution twice the ordinary resolution or a condition close to it, 
a single ordinary exposure process of Figure 14 does not accomplish the purpose completely. 
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[0155] In accordance with investigations made by the inventor of the subject 

application, it has been found that the purpose can be accomplished satisfactorily by a system 
wherein, in addition to multiple exposure where, in relation to one and the same pattern, a 
combination of perpendicular illumination with a large o and oblique illumination with a 
small a is performed. For the oblique illumination, a stop member having an oblong opening 
effective to selectively transmit diffractive light from a fine line narrower than a resolution 
limit is used as the aperture stop of the projection optical system. 

[0156] Figure 1 shows an embodiment of an exposure apparatus according to the 

present invention. 

[0157] In Figure 1, denoted at 1 1 is a light source for use in exposure, which 

comprises a KrF excimer laser (wavelength of about 248 nm), an ArF excimer laser 
(wavelength of about 193 nm) or an F 2 excimer laser (wavelength of about 157 nm), for 
example. The laser may have a spectroscopic element disposed inside its resonator, if 
necessary, so that the laser may be used as a band-narrowed laser. 

[0158] Denoted at 12 is an illumination optical system. At 13, there is a schematic 

illustration of illumination modes of the illumination optical system 12. Denoted at 14 is a 
mask having a circuit pattern formed thereon, and denoted at 15 is aperture stop interchanging 
means for the illumination optical system. Denoted at 16 are aperture stops to be used 
interchangeably, and denoted at 17 is a reticle stage. Denoted at 18 is a projection optical 
system which comprises one of a dioptric system, a catadioptric system and a catoptric 
system. 

[0159] Denoted at 19 is an aperture stop of the projection optical system, and denoted 

at 20 is aperture stop interchanging means for the projection optical system. Denoted at 21 is 
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a silicon wafer with a resist, which is a photosensitive substrate. Denoted at 22 is a wafer 
stage for holding the wafer 21 and being movable two-dimensionally along the optical axis 
direction of the projection optical system and along a plane perpendicular to the optical axis 
direction. 

[0160] This exposure apparatus is based on a step-and-repeat method or a step-and- 

scan method, and it functions to print the circuit pattern of the mask 14 upon a number of shot 
regions on the wafer 21 through reduction projection exposure. 

[0161] When a coarse exposure process such as described above is to be performed 

with this exposure apparatus, in relation to the mask 14, ordinary partial coherent 
perpendicular illumination (illumination mode (1) at 13 in Figure 1) is performed, by use of 
the illumination optical system 12 with an aperture stop (1) having a circular opening of large 
NA and large a (a = about 0.06 to 0.08) and by use of the projection optical system 18 with 
an aperture stop (1)' having a circular opening of approximately largest diameter. With this 
exposure, the pattern of the mask 14 is imaged on the resist of the wafer 2. 
[0162] Next, when a fine exposure process such as described above is to be performed 

with this exposure apparatus, in relation to the same mask 14 used in the coarse exposure and 
while basically keeping the mask 14 and the wafer 21 unchanged, oblique incidence 
illumination (illumination mode (2) at 13 in Figure 1) with a small NA and a small a (a = 0.1 
to 0.3) is performed by use of an aperture stop (2) for the illumination optical system 12 
together with, in regard to the aperture stop of the projection optical system 18, an aperture 
stop (2)' having an oblong-shaped opening being elongated in the direction in which zero-th 
order light and first order diffractive lights are juxtaposed at the aperture stop position (in 
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other words, the direction of repetition of fine lines of the mask 14). By this exposure, a 
pattern of the mask 14 is imaged on the same (common) region of the wafer 21. 
[0163] The aperture stop (1) and aperture stop (2) of the illumination optical system 

12 can be interchanged with each other by using the aperture stop changing means 16, while 
the aperture stop (1)' and aperture stop (2)' of the projection optical system can be 
interchanged with each other by using the aperture stop changing means 21 . 
[0164] An example of aperture stop changing means 15 is shown in Figure 6 wherein 

two aperture stops (filters) 63 and 64 for fine exposure and coarse exposure, respectively, are 
fixedly mounted on a single holder 61 and wherein the holder 61 can be moved in parallel to 
a direction perpendicular to the optical axis of the illumination optical system 12 so that one 
of the aperture stops is selectively disposed on the light path 62 of the illumination optical 
system 12. Another example is shown in Figure 7 wherein a plurality of aperture stops 
(filters) 73 - 77 are fixedly mounted on a disk-like holder (turret) 71, which is rotationally 
moved along a plane perpendicular to the optical axis of the illumination optical system 12, 
so that one of the aperture stops is selectively disposed on the light path 72 of the illumination 
optical system 12. 

[0165] As regards the aperture stop changing means 20, on the other hand, an 

example is shown in Figure 8 wherein an aperture stop (filter) 85 having an oblong opening is 
held by a holder (not shown). For fine exposure, this holder is moved in parallel to a 
direction perpendicular to the optical axis of the projection optical system 18 so that the 
aperture stop 85 is inserted and disposed at a predetermined position (pupil position) inside 
the projection optical system 18. For coarse exposure, the holder is moved in the parallel 
direction so that the aperture stop 85 is moved together with the holder out of the path of the 
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projection optical system. Another example is shown in Figure 9 wherein two light blocking 
blades 95 are moved from the outside of the projection optical system 18, and in parallel to a 
direction perpendicular to the optical axis of the projection optical system 18, so that they are 
inserted and fixed at predetermined positions by which an oblong opening is defined at the 
center of the light path. 

[0166] A further example is shown in Figures 10A and 10B, wherein mechanisms 102 

and 103 may be used to move or rotate the holder and aperture stop of Figure 8, or to rotate 
the two light blocking blades and blade inserting/extracting means may be used. This may be 
used in embodiments to be described later. 

[0167] The preceding embodiment is arranged to perform dual exposure (two 

exposures under different conditions without a development process intervening) for an 
integrated gate pattern. Next, an embodiment arranged to perform triple exposure, for an 
integrated gate pattern, will be explained. 

[0168] This embodiment is directed to an example of an exposure method and an 

exposure apparatus more suited to a case where gate patterns are integrated, as shown in 
Figure 1 1 . A projection exposure apparatus shown in Figures 1 , 7 or 1 0 may be used in this 
embodiment. 

[0169] As shown in Figure 12, in this embodiment, a triple exposure process 

including a coarse exposure (left hand side), a first fine exposure #1 (center) and a second 
fine exposure #2 (right hand side) is performed, by which separation boundaries between the 
gate patterns in the X and Y directions can be enhanced. 

[0170] The coarse exposure and first fine exposure #1 of this embodiment are 

performed basically in a similar manner as has been described with reference to the 
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embodiment of Figure 4, although there is a difference in exposure amount. The second fine 
exposure #2 is similar to the first fine exposure #1 in that oblique incidence illumination with 
a dual-pole effective light source being formed and spatial frequency adjustment (filtering) 
through an aperture stop having an oblong opening are performed. However, in this exposure 
process, while keeping the mask pattern, the orientation of the oblong opening of the aperture 
stop ( and the orientation of the effective light source, if necessary) is rotated by 90 degrees 
from the position in the first fine exposure #1. This accomplishes improvement of resolution 
in the Y direction (vertical direction as viewed in the drawing) with respect to which higher 
resolution is required as a result of the integration. Further, because it differs from the 
direction of oblique incidence illumination, a more desirable intensity distribution can be 
produced. 

[0171] The present invention is not limited to the embodiments described above, and 

the exposure sequence, for example, may be modified within the scope of the invention. 
[0172] Particularly, the shape of the opening of the aperture stop of the illumination 

optical system 12 or the shape of the opening of the aperture stop of the projection optical 
system 1 8 may be determined as desired in accordance with a circuit pattern to be transferred 
to a wafer. For example, as regards the aperture stop 16 for the illumination optical system, a 
stop with a ring-like opening (stop 77 in Figure 7) or a stop with four openings at off-axis 
positions (stop 76 in Figure 7) may be used. As regards the aperture stop 19 for the 
projection optical system 18, a stop with an elliptical opening or a stop with four openings at 
off-axis positions maybe used. In relation to this, Figure 13 shows modified forms (1) - (3) 
of fine exposure. 
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[0173] In accordance with the embodiments described above, a circuit pattern having 

a pattern of a linewidth narrower than the limit resolution of the apparatus can be transferred 
to a wafer in accordance with dual exposure or a triple exposure process, by using an ordinary 
projection exposure apparatus and a single mark, or with a small modification thereto. There 
is not a necessity of movement of a wafer between different apparatuses, or replacement of 
masks. The time necessary for dual exposure or triple exposure can, therefore, be reduced 
significantly. , 
[0174] Next, an embodiment wherein coarse exposure and fine exposure can be 

performed, without changing the aperture shape of an aperture stop for a projection optical 
system, will be explained. This embodiment concerns an exposure method which may use a 
projection exposure apparatus shown in Figure 1 or Figure 7. 

[0175] In accordance with this embodiment, a circuit pattern having a fine isolated 

pattern of a linewidth narrower than the resolution limit of the exposure apparatus is provided 
with an auxiliary pattern annexed thereto. To this circuit pattern with an auxiliary pattern, 
dual exposure based on coarse exposure with a large a and through perpendicular 
illumination and fine exposure with a small a and through oblique illumination is performed, 
without a development process interposed. Through the coarse exposure, a larger pattern 
more than 0.5A/NA or less is resolved with priority. Here, X is the wavelength of exposure 
light, and NA is the object side numerical aperture of the projection optical system. 
[0176] In this embodiment, the aperture stop of the projection optical system 1 8 may 

use an aperture stop (1)' (Figure 1) with a circular opening for both of the coarse exposure 
and fine exposure. As regards aperture stops of illumination optical system 12 to be used 
interchangeably, an ordinary stop 73 (Figure 7) with a central circular opening may be used 
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for the coarse exposure, while a stop 76 (Figure 7) with four off-axis openings or a stop 77 
with a ring-like opening may be used for the fine exposure. These aperture stops of the 
illumination optical system 12 may be interchanged in accordance with the methods described 
with reference to the preceding embodiments. 

[0177] Figure 17 shows an image of the aperture of the stop 76, that is, an effective 

light source. Similarly, Figure 18 shows an effective light source by an image of the aperture 

of the stop 77, and Figure 19 shows an effective light source by an image of the aperture of 

the stop 73. These aperture images are produced at the opening (pupil) of the aperture stop of 

the projection optical system, with zero-th order light. 

[0178] Provision of an auxiliary pattern will be described in detail. 

[0179] An auxiliary pattern may be added to an isolated fine pattern of a linewidth W 

not greater than 0.5A./NA. Here, for a fine pattern which is isolated only on one side, an 

auxiliary pattern may be added to the one side. The linewidth W of the auxiliary pattern may 

be about 0.25A/NA or less. The spacing S between the fine pattern and the isolated pattern 

may effectively be made equal to or close to the value of the linewidth W. 

[0180] If there are fine patterns which constitute a repetition pattern or there are many 

fine patterns disposed close to each other so that the addition of an auxiliary pattern is 

difficult to accomplish, no auxiliary pattern may be added. 

[0181] The phase of the auxiliary pattern (the phase of exposure light passing 

therethrough) may be reversed with respect to the phase of the subject pattern (phase of 
exposure light passing therethrough), to provide a rim type phase shift mask. On that 
occasion, if the subject fine pattern comprises a light transmissive portion while the portion 
around it comprises a light blocking portion, the phase of the auxiliary pattern may be 
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inverted with respect to the fine pattern. If the subject fine pattern comprises a light blocking 
portion while the portion around it comprises a light transmissive portion, the phase of the 
auxiliary pattern may be reversed with respect to the portion around the fine pattern. 
[0182] Figure 16-1 shows an example wherein an auxiliary pattern is added to two 

fine lines of width W of gate patterns, having been described hereinbefore. In this example, a 
pair of gate patterns are surrounded by an auxiliary pattern of a width W, with a spacing S 
kept therebetween. Figure 16-2 shows an example wherein a rim type auxiliary pattern 
(hatched portion) of a width W is added to a fine line of a gate pattern, with the phase being 
inverted with respect to the light transmissive portion. 

[0183] Figure 20 shows the result of dual exposure according to the exposure method 

of this embodiment. 

[0184] Here, the dual exposure was performed by use of a projection exposure 

apparatus having an image side numerical aperture NA of 0.6 and exposure light of a 
wavelength X = 248 nm. The result shown in Figure 20 is provided, like that of Figure 16-1, 
by using a mask with a gate pattern having a fine line of W = 0.12 micron and an auxiliary 
pattern of W = 0.03 micron being added around the gate pattern. 

[0185] In Figure 21, the upper row shows the results when the fine exposure was 

performed with illumination light for forming the effective light source of Figure 17. The 
middle row shows the results when the coarse exposure was performed with illumination 
light for forming the effective light source of Figure 19. The bottom row shows the results 
when dual exposure of fine and coarse exposures was performed. 

[0186] As shown in the drawing, with the coarse exposure, two fine lines are not 

resolved by exposure and there is defocus remaining. With the fine exposure, on the other 
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hand, the two fine lines are resolved, but the spacing between these two lines is too large so 
that a shape necessary for a gate pattern is not produced. With the dual exposure, as 
compared, two fine lines are resolved and, also, a shape necessary for a gate pattern is 
produced. 

[0187] Also, in accordance with this embodiment, a circuit pattern having a pattern of 

a linewidth narrower than the limit resolution of the apparatus can be transferred to a wafer in 
accordance with a dual exposure process, by using an ordinary projection exposure apparatus 
and a single mask, or with a small modification thereto. There is no necessity of movement 
of a wafer between different apparatuses, or replacement of masks. The time necessary for 
dual exposure or triple exposure can be reduced significantly. 

[0188] In the embodiments described above, when dual exposure of coarse and fine 

exposure processes is to be performed to a number of shot regions on a wafer, these two 
exposure processes may be done with respect to each shot. Alternatively, one exposure 
process may be performed to all the shots of one wafer or of plural wafers of one lot and, after 
that, the other exposure process may be done to the one wafer or the plural wafers without a 
development process interposed. 

[0189] The illumination lights to be used in these two exposure processes may 

comprise rectilinearly polarized lights having their polarization directions set orthogonal to 
each other, not interfering with each other, and these two exposure processes may be done 
simultaneously. 

[0190] The present invention is applicable to both positive type and negative type 

resist materials. 

[0191] Next, another embodiment of the present invention will be described. 
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[0192] The principle of an exposure method in this embodiment is as follows. 

Control of a spatial frequency spectrum of a Levenson type mask through an illumination 
condition and control of a spatial frequency spectrum of a projection optical system are 
combined with each other, so as to extract a spatial frequency component with which dual- 
beam interference can be substantively produced, such that a very fine linear pattern included 
in the mask and being unable to be resolved by ordinary exposure, can be printed on a resist 
of a wafer independently, by exposure based on a dual-beam interference condition best 
suited for that pattern. A latent image is then superposedly formed thereon, by ordinary 
exposure. On the basis of the thus accumulated latent images, a development process is 
performed, whereby a desired pattern is produced. 

[0193] With this multiple exposure process, various fine patterns included in a single 

mask can be transferred with the limit performance of a projection optical system, such that 
the performance of the projection exposure apparatus having been restricted in a simple 
single-exposure can be best utilized. 

[0194] Thus, with a KrF excimer laser projection exposure apparatus with a 

numerical aperture (NA) of 0.6, even a pattern of linewidth 0. 1 micron can be printed. The 
resolution is thus about twice that of a 0.2 micron pattern, which is usually the limit 
linewidth. Further, there is an advantage of uniformness of the fine line portion or 
enlargement of the depth of focus. 

[0195] In this embodiment, like the preceding embodiments, only a single mas is 

necessary for the multiple exposure. This is effective to reduce the cost of the mask itself, 
and it avoids complicated works for mask replacement or mask alignment operation required 
thereby, which are factors for decreased throughput. 
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[01961 The flow chart of Figure 2 also shows the procedure of an exposure method 

according to this embodiment. The flow chart of Figure 2 includes a coarse exposure step for 
projection exposure of a pattern of a relatively large linewidth, a fine line exposure step for 
projection exposure of a pattern of a relatively small linewidth, and a development step. 
[0197] The order of the coarse and fine-line exposure steps is not limited to that 

illustrated. The fine-line exposure may be performed first. If the exposure steps are repeated, 
the coarse and fine exposures may be done alternately. 

[0198] A wafer alignment step of a known process may be interposed between these 

exposure steps, if necessary. This may be effective to improve the image formation precision. 
Thus, in this embodiment, the sequence and procedure are not limited to those shown in 
Figure 2. 

[0199] The principle of multiple exposure based on these exposures will be described 

in detail. When the procedure is to be performed in accordance with the flow of Figure 2, 
first, a coarse exposure is performed by which an image of a desired pattern of a mask is 
printed on a wafer. 

[0200] Since what is intended in this embodiment is to perform exposure with a 

resolution narrower than the limit linewidth, which can be resolved by a projection optical 
system, the desired pattern formed on the mask includes a pattern corresponding to the 
linewidth narrower than the limit linewidth above. 

[0201] Figure 22 shows an example of such a pattern formed on a mask. In Figure 

22, denoted at 33 is a basic pattern, and denoted at 31 and 32 are light transmissive portions 
(lines). The basic pattern 33 is formed repeatedly, whereby a repetition pattern is formed. 
This pattern is one called a gate pattern to be used in an ASIC of a semiconductor device. 
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[0202] Denoted in the drawing at 3 1 is a gate line, which is a main portion for playing 

the function of switching. Minimization of the linewidth of this portion has been desired. On 
the other hand, denoted at 32 is a writing contact portion. Since this portion 32 needs an area 
of a certain extent, it is larger in size than the gate line 31. Thus, this gate pattern includes a 
mixture of a fine line and a pattern relatively larger than it. Since gate patterns should be 
integrated as densely as possible from the viewpoint of IC function, the spacing 9 between the 
patterns may be set equal to the width a of the fine line pattern. 

[0203] Figure 24 is a schematic view of a mask M to be used in this embodiment. 

Since the gate pattern 33 comprises a pair of patterns, the mask M is so manufactured that the 
phase difference between the lights passing through this pair of patterns becomes 
approximately equal to % (180 degrees). Also, in this drawing, there is a phase difference of 
1 80 degrees between the blank portion and the hatched portion. 

[0204] Further, the mask is so manufactured that there is a phase difference of n 

between adjacent patterns at upper and lower rows of the gate pattern, as illustrated. With 
this structure, light is attenuated by the phase difference, at the boundary between adjacent 
patterns, and there is an advantage of improvement of resolution of pattern image. 
[0205] However, only with coarse exposure, use of a Levenson type mask, such as 

above, does not result in complete resolution of fine lines narrower than the limit linewidth, 
such as the gate line portion, for example. Further, the depth of focus is shallow. It is to be 
noted that " approximately 180 degrees" refers to 180±10 degrees. 

[0206] Subsequently, as a second step, a fine line exposure process is performed to 

the photosensitive substrate having been exposed by coarse exposure. No development 
process is performed yet. 
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[0207] In the fine line exposure, while the mask M position is kept at the same 

position in the coarse exposure, the illumination condition of an illumination optical system 
12 and the aperture stop of a projection optical system 18 are adjusted and, thereafter, the 
exposure process is performed. 

[0208] Figure 25 is a schematic view for explaining exposure conditions in respective 

exposure steps as well as patterns obtainable from these exposures. As regards the 
illumination condition for fine line exposure, a stop, or the like, may be disposed in the 
illumination optical system 12 (Figure 1) to provide small o illumination (illumination close 
to coherent illumination ) shown at the right hand side of Figure 25. As regards the aperture 
stop to be provided at the pupil plane of the projection optical system, a stop having an 
oblong opening, such as shown at the middle portion of the drawing, is used. The mask M 
has a similar structure as shown in Figure 23. 

[02091 The X and Y axes in the drawing are in alignment with X and Y axes of the 

gate pattern (Figure 3). 

[0210] Figure 26 shows examples of light intensity distributions of patterns defined 

by exposures of Figure 25. The light intensity distribution of the gate line portion of the gate 
pattern shown in Figure 22 (A-A' in the drawing) is approximately the same as that shown in 
the upper row of Figure 5. 

[0211] The results shown in these drawings are those from negative exposures. 

Illustrated from left to right are the result of coarse exposure, the result of fine- line exposure 
and the integrated result of dual exposure. 

[0212] It is seen from Figure 26 that the fine line portion is not resolved by coarse 

exposure, and there is a defocus image. The light intensity is low as compared with the 
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intensity at the contact portion. The fine line exposure has resolved the gate line portion 
satisfactorily. There is a further advantage that, even with respect to the gate line direction, 
light is concentrated to the portion where a gate line is present. 

[0213] The light intensity defined finally by integration through multiple exposure is 

that at the right hand portion of the drawing. It is seen that a pattern image as desired is 
reproduced satisfactorily. 

[0214] Also, it is seen in Figure 5 that the range of permissible exposure amount 

(exposure latitude) with which a gate line can be printed is narrow only with coarse exposure, 
whereas, in accordance with the dual exposure integration, a light intensity distribution of a 
gate line pattern having a large contrast is added through the fine line exposure such that the 
range of permissible exposure amount is extended to be about double. 
[0215] Thus, with the multiple exposure procedure of this embodiment, wherein the 

mask, the illumination condition and the aperture stop are adjusted as described above, an 
image of a pattern of a higher resolution beyond an ordinary resolution limit of an exposure 
apparatus can be printed by projection exposure stably. 

[0216] Figures 27A, 27B and 27C are schematic views, respectively, for explaining 

the effect of exposure based on a Levenson type mask (Levenson type phase mask) used in 
the fine line exposure of this embodiment. 

[0217] Figure 27 A schematically shows the process of exposure when an ordinary 

exposure apparatus is used for limit reduction. Figure 27B schematically shows the process 
of exposure of a pattern of a pitch twice the limit resolution in the ordinary use, and Figure 
27C schematically shows the process of exposure of a pattern double pitch, by use of a 
Levenson mask of this embodiment. 
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[0218] Denoted at 171 is a light blocking portion made of chromium, and denoted at 

PI and P2 are pitches of periodic patterns. 

[0219] These cases will be explained separately. 

[0220] In Figure 27 A, first order diffractive lights (angle 0) corresponding to pitch PI 



of lines on the mask M just enter the object side numerical aperture NA of the projection 
optical system. Namely, the light rays passing through the projection optical system and 
being contributable to the imaging are three beams of zero-th order light and positive and 
negative first order diffractive lights. 

[0221] In Figure 27B, pitch P2 of the line pattern on the mask M is twice the pitch PI . 

In this case, the angle 02 of first-order diffractive light being diffracted by the mask becomes 
twice the angle 01 of Figure 27 A. Thus, only zero-th order light can enter the object side 
numerical aperture NA of the projection optical system. That is, the light passing through the 
projection optical system and being contributable to the imaging is only the zero-th order light 
which has simply passed through the mask. No image of a line pattern (repetition of lines and 
spaces) is resolved, in this case. 

[0222] In Figure 27C, a pattern of pitch P2 twice the pitch shown in Figure 27A is 

used, as in the case of Figure 27B, but the mask comprises a Levenson type mask. In this 
case, as illustrated, zero-th order light and positive and negative first order diffractive lights 
shift obliquely, such that the zero-th order light and the positive first order diffractive light (or 
zero-th order light and negative first order light) can enter the object side numerical aperture 
NA of the projection optical system. Thus, these lights pass through the projection optical 
system and contribute to the imaging. 
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[0223] This is dual-beam interference. In this case, the angle (NA) defined by the 

imaging plane of the zero-th order light and positive first order light is twice the interference 
angle (NA) of three light beams in the case of ordinary illumination. Thus, the resolution is 
twice. 

[0224] The foregoing description applies to one dimension. If the mask is exclusively 

for use in fine line exposure and it is formed only with a one-dimensional periodic pattern, 
the fine line can be printed only by use of a Levenson mask described above. However, a 
mask may be formed with a two-dimensional pattern other than a fine line and the aperture 
stop may have a circular opening. On that occasion, the diffractive light is distributed two- 
dimensionally on the plane of the aperture stop. For this reason, even if a Levenson mask is 
used, the imaging is based on various two-dimensional angles (numerical apertures), such that 
a resolution of dual-beam interference twice that of ordinary exposure is not attainable. It is 
seen from the above that, with the structure described above, it is difficult to perform 
exposure of a very fine line pattern, included in a pattern, with double resolution. 
[0225] Also, in this embodiment, in consideration of the above, a projection exposure 

apparatus such as shown in Figure 1, 6, 7, 8, 9 or 10 is used and an aperture stop having an 
oblong opening is disposed at the aperture stop plane of the projection optical system. This 
effectively restricts the light having a mixture of various two-dimensional angles, to one 
dimension for resolution of a fine line, such that one-dimensional imaging with 
approximately dual beams corresponding to the fine line is accomplished. The exposure 
apparatus of Figure 1 may be provided with a stop (not shown) with a circular opening of o = 
0.2, for the fine line exposure. 

[0226] A further embodiment of the present invention will now be described. 
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[0227] This embodiment is directed to an exposure method suited for a case wherein, 

when integration of patterns such as shown in Figure 22 is further advanced, separation of 
patterns with respect to the gate line direction (Y direction in the drawing) becomes close to 
the limit. 

[0228] In this embodiment, as shown in Figure 28, triple exposure, of a coarse 

exposure process and first and second fine exposure processes #1 and #2, is performed. In 
the fine line exposure, in addition to the first fine line exposure (the same as the fine line 
exposure of Figure 6) at the middle of the drawing, the second fine line exposure is 
performed by using an aperture stop having an opening direction different by 90 degrees from 
that of the aperture stop 85. This provides an effect of an enhancement of the separation 
boundary between the basic gate patterns. 

[0229] As shown in the drawing, the second fine line exposure #2 is similar to the 

first fine line exposure #1 in that small a illumination as well as spatial frequency adjustment 
using an aperture stop are performed. However, by using the mechanism shown in Figure 10, 
the orientation of an oblong opening of the aperture stop is rotated by 90 degrees. With this 
operation, the resolution, in the Y direction in which higher resolution is required as a result 
of integration, can be improved. By superposed exposures, separation of basic patterns in the 
gate line direction is facilitated. 

[0230] The present invention is not limited to the embodiments described above, and 

the exposure sequence, for example, may be modified within the scope of the invention. 
[0231] Particularly, the shape of the opening of the aperture stop of the illumination 

optical system 12 or the shape of the opening of the aperture stop of the projection optical 
system 18 may be determined as desired in accordance with a circuit pattern to be transferred 
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to a wafer. The fine line exposure may use various modifications such as ring illumination, 
quadruple-pole illumination, an elliptical aperture stop, or a quadruple-opening aperture stop, 
for example. Figure 29 illustrates examples of variations of aperture stops for fine line 
exposure. In the aperture stop at the right hand side, the transmission factor increases 
gradually from the center of the periphery. 

[0232] In order to improve the separation characteristic of basic gate patterns or to 

correct the linewidth shape, for example, the shape of the gate pattern upon the mask may be 

modified partially, from a pattern desired. Figure 30 shows a phase shift type mask to be 

used with the present invention, for improving separation of gate patterns. 

[0233] The opening portion depicted by hatching in Figure 30 functions to apply a 

phase difference of 180 degrees (n) to transmitted light with respect to the other opening 

portion. 

[0234] Figure 33 is a schematic view for explaining an embodiment of a specific 

optical arrangement for an exposure apparatus, according to the present invention, which can 
be used to perform various multiple exposure procedures described above. 
[0235] Specifically, this embodiment is applied to an exposure apparatus of a step- 

and-repeat type or a step-and-scan type, for use in a lithographic process of a submicron order 
or quarter-micron order. 

[0236] In Figure 33, laser light from a laser light source 201 enters a beam shaping 

unit 205 by which the beam diameter thereof is expanded. The light then impinges on a light 
entrance surface 206a of an optical integrator 206. The optical integrator 206 comprises 
small lenses (fly's eye lenses) 6 { (i = 1 to N) of a rectangular or circular sectional shape, 
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arrayed two-dimensionally with a predetermined pitch. Secondary light sources are produced 
adjacent to the light exit surface 206b thereof. 

[0237] Light quantity control means 217 is disposed adjacent to the light entrance 

surface 206a of the optical integrator 206, and it is made movable along a plane (X-Y plane) 
perpendicular to the optical axis La of the optical system 205 (illumination system), along the 
optical axis La direction, and along a direction with a predetermined angle with respect to the 
optical axis La. 

[0238] The light quantity control means 217 controls the quantity of light passing 

through at least one small lens, among the small lenses of the optical integrator 206, by using 
a light quantity adjuster which comprises an ND filter or a light blocking material, for 
example. Denoted at 218 is a driving mechanism for moving the light quantity control means 
217 along the plane perpendicular to the optical axis, along the optical axis direction, or along 
the direction of a predetermined angle with respect to the optical axis, in response to a signal 
from illuminance distribution measuring means (not shown) for measuring illuminance upon 
the surface of a masking blade 210, a reticle (mask) 212 or a wafer 215, by which the 
illuminance distribution on the surface to be illuminated (i.e., masking blade 210) can be 
adjusted. 

[0239] Denoted at 217 is a stop which corresponds to the interchangeable stop 16 of 

Figure 1. It serves to determine the shape of the secondary light source. The stop 217 has a 
structure that various stops 7a and 7b can be interchangeably and selectively disposed on the 
light path, by using a stop changing mechanism (actuator) and in accordance with the 
illumination condition. The stop 207 may include, for example, a stop with an ordinary 
circular opening, a ring-illumination stop effective to change the light intensity distribution on 
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the pupil plane 214 of the projection lens 213, a quadruple-pole illumination stop, and a small 
a illumination stop. One of these stops can be selectively inserted into the light path. 
[0240] In this embodiment, by using various stops 207, the light entering a condenser 

lens 208 is changed in various ways, by which the light intensity distribution on the pupil 
plane 214 of the projection optical system 213 is controlled appropriately. The condenser 
lens is changed in various ways, by which the light intensity distribution on the pupil plane 
214 of the projection optical system 213 is controlled appropriately. The condenser lens 208 
serves to collect light rays emitted from the secondary light source, adjacent to the light exit 
surface 206b of the optical integrator 206 and passed through the stop 207. The collected 
lights rays are then reflected by a mirror 209, and they are superposed one upon another on 
the masking blade 210 plane to illuminate the same uniformly. The masking blade 210 
comprises a plurality of movable light blocking plates for variable determining the aperture 
shape as desired. 

[0241] Denoted at 21 1 is an imaging lens, which serves to transfer the aperture shape 

of the masking blade 210 onto a reticle (mask) 212 surface, which is the surface to be 
illuminated, whereby a necessary region on the reticle 212 surface is illuminated uniformly. 
[0242] Denoted at 213 is a projection optical system (projection lens), for projecting a 

circuit pattern of the reticle 217 onto the surface of a wafer (substrate) 215 placed on a wafer 
chuck, in a reduced scale. Denoted at 214 is a pupil plane of this projection optical system 
213. On this pupil plane 214, various stops 19 having been described with reference to 
Figure 1 can be detachably disposed. 

[0243] In the optical arrangement of this embodiment, a light emitting portion 201a, a 
second focal point 204, the light entrance surface 206a of the optical integrator 206, the 
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masking blade 210, the reticle 212 and the wafer 215 are placed substantially in an optically 
conjugate relationship with each other. Also, the stop 207a and the pupil plane 214 of the 
projection optical system 213 are placed substantially in an optically conjugate relation. 
[0244] With the structure of this embodiment described above, a pattern on the reticle 

212 surface is projected and transferred to the wafer 214 surface in a reduced scale. Then, 
after a predetermined development process is performed, devices (semiconductor chips) are 
produced. 

[0245] In this embodiment, as described above, stops of different aperture shapes are 

used selectively in accordance with the shape of a pattern on a reticle 212, to thereby change 
the light intensity distribution to be produced on the pupil plane 214 of the projection optical 
system 213 in various ways. 

[0246] As regards the illumination method using the illumination optical system, the 

mask pattern may be illuminated light from one of a KrF excimer laser, an ArF excimer laser 
and an F 2 excimer laser. 

[0247] As regards the exposure apparatus, the mask pattern may be projected by use 

of a projection optical system comprising one of a dioptric system, a catadioptric system and 
a catoptric system. 

[0248] As regards the exposure apparatus, the present invention is applicable to 

various exposure apparatuses, such that a step-and-repeat type reduction projection exposure 
apparatus having an exposure mode according to an exposure method of the present invention 
or a step-and-scan type reduction projection exposure apparatus having an exposure mode 
according to an exposure method of the present invention, may be accomplished. 
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[0249J Next, an embodiment of a semiconductor device manufacturing method, 

which uses a projection exposure apparatus having an exposure mode for multiple exposure 
of the present invention, such as described above, will be explained. 

[0250] Figure 3 1 is a flow chart of a procedure for the manufacture of microdevices 

such as semiconductor chips (e.g., ICs or LSIs), liquid crystal panels, or CCDs, for example. 
[0251] Step 1 is a design process for designing a circuit of a semiconductor device. 

Step 2 is a process for making a mask on the basis of the circuit pattern design. Step 3 is a 
process for preparing a wafer by using a material such as silicon. Step 4 is a wafer process, 
which is called a pre-process, wherein, by using the so prepared mask and wafer, circuits are 
practically formed on the wafer through lithography. Step 5 subsequent to this is an 
assembling step, which is called a post-process, wherein the wafer having been processed by 
step 4 is formed into semiconductor chips. This step includes an assembling (dicing and 
bonding) process and a packaging (chip sealing) process. Step 6 is an inspection step wherein 
an operation check, a durability check, and so on, for the semiconductor devices provided by 
step 5, are carried out. With these processes, semiconductor devices are completed and they 
are shipped (step 7). 

[0252] Figure 32 is a flow chart showing details of the wafer process. 

[0253] Step 1 1 is an oxidation process for oxidizing the surface of a wafer. Step 12 is 

a CVD process for forming an insulating film on the wafer surface. Step 13 is an electrode 
forming process for forming electrodes upon the wafer by vapor deposition. Step 14 is an ion 
implanting process for implanting ions to the wafer. Step 15 is a resist process for applying a 
resist (photosensitive material) to the wafer. Step 16 is an exposure process for printing, by 
exposure, the circuit pattern of the mask on the wafer through the exposure apparatus 
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described above. Step 17 is a developing process for developing the exposed wafer. Step 18 
is an etching process for removing portions other than the developed resist image. Step 19 is 
a resist separation process for separating the resist material remaining on the wafer after being 
subjected to the etching process. By repeating these processes, circuit patterns are 
superposedly formed on the wafer. 

[0254] With these processes, high density microdevices can be manufactured. 

[0255] While the invention has been described with reference to the structures 

disclosed herein, it is not confined to the details set forth and this application is intended to 
cover such modifications or changes as may come within the purposes of the improvements 
or the scope of the following claims. 



